The high prevalence of hypertension among the US black population is a major contributor to disparities in life expectancy; however, the causes for higher incidence of hypertension among black adults are unknown.
C ardiovascular disease, including stroke, is the largest contributor to the mortality difference between the black and white populations in the United States, accounting for 34% of the difference in years of life lost in data from the National Health Interview Survey between 1986 to 1994; hypertension was the single largest contributor, accounting for 15% of the disparity. 1 Even among individuals aged 8 to 17 years, data from the 1999-2010 National Health and Nutrition Examination Survey showed a higher prevalence of hypertension among black children than white children. 2 The higher risk of developing hypertension among black adults persists to an age older than 75 years, with a higher incidence of hypertension from 2000 to 2007 among older black adults in both the Multi-Ethnic Study of Atherosclerosis, 3 and from 2003 to 2016 in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) cohort. 4 The reasons for the difference in the incidence and prevalence of hypertension between the black and white populations remain unknown, 5 and a better understanding of these reasons could guide efforts to prevent hypertension and reduce the difference in mortality between the black and white populations. Mediation analysis of a US national cohort of black and white participants was used to identify factors associated with the higher incidence of hypertension among black participants.
Methods
REGARDS is a longitudinal cohort study of 30 239 black and white participants aged 45 years or older who were recruited between 2003 and 2007. With the goal of understanding racial differences in incident hypertension, inclusion in the current study was limited to the subset of participants with normal blood pressure levels at baseline and with hypertension status available at follow-up. Study eligibility included selfreported black or white race (by selection from categories used by the US Census), with exclusion of individuals reporting being either Hispanic or Latino. At baseline, the cardiovascular disease risk profile of participants was assessed via a telephone interview and via an inperson examination that included blood pressure measurement, venipuncture, measures of adiposity (height, weight, and waist circumference), and electrocardiography. A similar assessment was performed at a follow-up visit that occurred a median of 9.4 years later between 2013 and 2016. Details of the study methods are provided elsewhere. 4, 6 All participants provided written informed consent and the study was approved by all participating institutional review boards. At both the baseline and follow-up visits, blood pressure was assessed as the mean of 2 measures taken after the participant had been seated for 5 minutes. Participants without hypertension (systolic blood pressure <140 mm Hg, diastolic blood pressure <90 mm Hg, and self-report of not taking antihypertensive medications) at baseline were included in the analysis. Among those with normal blood pressure levels at baseline, incident hypertension was defined similarly at the second assessment.
Potential Mediating Factors
The selected potential mediating factors had either evidence of a racial difference in the prevalence, level of the risk factor, or evidence of an association with hypertension (with a suggestion of a racial difference in the prevalence or level). Mediation analysis 7 was performed separately for men and women to assess the association of the 12 potential mediating factors (1 at a time) with the racial difference in the development of hypertension (a description of each potential mediating factor appears in Table 1 ).
An exploratory mediation analysis also was performed for an additional 9 factors assessed only at the follow-up visit. To increase comparability between the potential mediating factors, some variables were "inverted" so higher values for all variables are hypothesized to be inversely associated with the risk of incident hypertension. Similarly, dichotomous factors were defined so the presence of the factor was associated with higher hypothesized risk of incident hypertension (such as income ≤$35 000).
Analysis
Mediation analysis provides an approach to estimate the proportion of an association (in this study, the association of race with incident hypertension) that is attributable to potential mediating factors (in this study, the 12 potential mediating factors). This approach estimates what proportion of the association between race and incident hypertension might be attributable to racial differences in potential mediating factors (an indirect effect), with the remaining proportion as the direct association of race.
This study focused on the identification of factors that mediate the association of race with incident hypertension by (1) having a differential prevalence or level in black and white participants and (2) being associated with the incidence of hypertension. The analysis was implemented using the difference in coefficients, 14 in which the change in the logistic regression β coefficient associated with race (adjusted for the covariates of age and baseline systolic blood pressure) was assessed with subsequent adjustment for potential mediating factors. The analysis was performed in 3 stages.
Stage 1: Assessment of Racial Differences in the Prevalence of Each Potential Mediating Factor
The association of race with each risk factor was assessed by first calculating the age-adjusted least-squares estimate of the mean risk factor level by race. Dichotomous factors were coded as 0 or 1, so the mean for these variables is equivalent to the proportion with the trait. The least-squares means (and 95% CIs) are reported for both white and black participants along with the difference between these mean scores (and 95% CIs) to assess the racial differences.
Stage 2: Assessment of the Association of Potential Mediating Factors With Incident Hypertension
The association of mediating factors with incident hypertension was assessed by calculating the odds ratios (ORs) and using logistic regression to adjust for age group (45-54, 55-64, 65-74, and ≥75 years) and baseline systolic blood pressure level.
To facilitate the interpretation of the magnitude of associations between the mediating factors, the ORs were provided for presence vs absence of the dichotomous factors and for a standard deviation difference in the continuous factors. For dichotomous factors, the proportion of the population with incident hypertension for those with vs without the factor was calculated from the same logistic model and the absolute difference was calculated as the difference in these proportions. The 95% CIs for both the proportion and the difference was calculated using bootstrap methods with 1000 replications.
For continuous factors, a similar approach was used to calculate the proportion with incident hypertension for those at the 25th and 75th percentile of the distribution, and the absolute difference in these proportions for this interquartile range (again with bootstrap estimates for the 95% CIs). The magnitude of the mediation of the racial difference in the risk of developing hypertension was assessed as the difference in the β coefficient for race in 2 logistic models predicting incident hypertension after (1) adjusting for age group and baseline systolic blood pressure and (2) further adjusting for each of the potential mediating factors individually. The 95% CIs for the difference in the race β coefficient between the 2 models were calculated using bootstrap methods with 1000 replications.
Additional Details About the Analyses
It is also possible for the association of race and incident hypertension to be mediated if a factor has a differential strength of association among black and white participants (ie, race × potential mediating factor interaction); however, this mechanism for mediation was beyond the scope of this study.
Because the racial difference in the level of a particular risk factor may not be consistent among men and women, the analyses were stratified by sex. For example, black women have a higher body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) than white women; however, there is a much smaller racial difference among men.
Approximately 16% of the cohort died and an additional 24% withdrew from the study during the follow-up period, opening the possibility of attrition bias affecting the study results. To assess the potential magnitude of attrition bias, the analyses were repeated using inverse probability weighting. 15 The inverse probability weighting approach models the lost participants by assigning heavier weights to observed individuals who are similar to those who die or withdraw.
Because the goal of the study was to understand the higher prevalence of mediating factors among survivors, analyses of the individuals retained in the study may be more informative; however, the inverse probability weighting findings also are included. Post hoc analyses also were performed stratifying on baseline age of younger or older than 60 years to assess age as an effect modifier of the difference between black and white participants in the incidence of hypertension.
All analyses were performed using SAS version 9.4 (SAS Institute Inc) and significance was defined by a 2-sided α = .05.
Results
The flow of the participants from inclusion in the baseline cohort (12 262 participants with normal blood pressure levels) to inclusion in the analytic cohort (6897 who participated in the second examination; mean [SD] age, 62 [8] years; 26% were black adults; and 55% were women) appears in Figure 1 . The individuals who were excluded for death or study withdrawal were older compared with those included in the analysis (mean [SD] age of 64.4 [8.4] vs 61.7 [10.6] years, respectively) and more likely male (47% vs 45%), black (33% vs 26%), to have incomes of $35 000 or below (42% vs 29%), and an education level of high school graduate or less (40% vs 26%). There were 130 participants excluded due to data anomalies. More than half of the study participants had hypertension at baseline and were excluded from the analysis. During the approximate 10-year follow-up, approximately 24% of the participants withdrew from the study (reflecting a 97.1% annual retention rate) and 13% to 14% died. Of those completing the second in-person examination, hypertension status could be assessed in approximately 95% of participants. The characteristics of the participants included in the analysis appear in Table 2 . Black participants were younger (approximately 60 vs 63 years), had an education level of high school graduate or less, had an income level of $35 000 or less, and had a higher prevalence of most factors potentially associated with incident hypertension compared with white participants.
Association of Clinical and Social Factors With Hypertension Risk in Black vs White US Adults
The incidence of hypertension during the median 9.4-year follow-up was 46% (95% CI, 44%-49%) among black participants and 33% (95% CI, 32%-34%) among white participants. At baseline, the mean systolic blood pressure level was 117 mm Hg (SD, 12 mm Hg) in women and 120 mm Hg (SD, 10 mm Hg) in men and the mean diastolic blood pressure level was 73 mm Hg (SD, 8 mm Hg) in women and 74 mm Hg (SD, 7 mm Hg) in men. With inclusion at baseline limited to those without hypertension, no participants were taking an antihypertensive medication.
At the follow-up visit, the mean systolic blood pressure level was 120 mm Hg (SD, 14 mm Hg) in women and 122 mm Hg (SD, 13 mm Hg) in men and the mean diastolic blood pressure was 72 mm Hg (SD, 8 mm Hg) in women and 73 mm Hg (SD, 8 mm Hg) in men; and 32.6% of women and 30.8% of men were taking an antihypertensive medication. After adjustment for age group and baseline systolic blood pressure, the OR of incident hypertension for black participants compared with white participants was 1.35 (95% CI, 1.12-1.61) for men and 1.73 (95% CI, 1.49-2.01) for women.
Mediating Factors Among Men
The age-adjusted least-squares mean for the Southern dietary pattern was −0.26 (95% CI, −0.31 to −0.21) among white men vs 0.81 (95% CI, 0.72 to 0.90) among black men; the ageadjusted difference in means was −1.07 (95% CI, −1.17 to −0.97) Median ( a Calculated as weight in kilograms divided by height in meters squared. Range from 11.5 to 59.9; higher scores are associated with greater adiposity.
b Range from 48.3 to 183.5; higher scores represent larger waist circumference.
c Defined according to the National Institute on Alcohol Abuse and Alcoholism as Ն7 drinks per week in women or Ն14 drinks per week in men.
d Range from 0 to 12; higher scores represent more depressive symptoms.
e Range from 0 to 16; higher scores represent more perceived stress.
f Original score subtracted from 38; range from 0 to 29; higher scores reflect being less compliant with the diet.
g Original score subtracted from 9; range from 0 to 9; higher scores reflect being less compliant with the diet.
h Range from −4.5 to 8.2; higher scores reflect being more compliant with the diet.
i Range from 0.3 to 2.5; higher scores represent a greater intake of sodium relative to potassium. The Southern dietary pattern was the largest mediating factor for differences in the incidence of hypertension, accounting for 51.6% (95% CI, 18.8% to 84.4%) of the higher risk of incident hypertension among black men (Figure 2) . The age-adjusted prevalence of an education level of high school or less was 20% (95% CI, 18% to 22%) for white men and 38% (95% CI, 35% to 42%) for black men, and had an ageadjusted difference of 18% (95% CI, 15% to 22%). In addition, a high school education or less was significantly associated with incident hypertension (adjusted OR, 1.22 [95% CI, 1.02 to 1.47]). The incidence proportion for those without a high school degree was 34.0% (95% CI, 32.0% to 35.9%) and was 38.7% (95% CI, 34.6% to 42.4%) for those with a high school degree (absolute risk difference, 4.6% [95% CI, 0.1% to 8.8%]) and accounted for 12.3% (95% CI, 0.6% to 23.9%) of the excess risk of hypertension among black men.
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The age-adjusted mean dietary ratio of sodium to potassium intake was 0.89 (95% CI, 0.87 to 0.98) for white men and 0.98 (95% CI, 0.95 to 1.00) for black men (age-adjusted difference, −0.09 [95% CI, −0.12 to −0.06]). The ratio of sodium to potassium also was associated with incident hypertension (OR, Higher BMI was related to the risk of incident hypertension (Table 3) , but because the mean BMI was similar among black and white men, it was not a mediating factor for the excess risk of hypertension among black men (Figure 2) . A larger waist circumference was related to risk of incident hypertension, but white men had larger waist circumferences than black men, so adjustment for waist circumference significantly increased the risk of incident hypertension among black men by 8.4% (95% CI, 1.5% to 15.4%). The Perceived Stress Scale score and less adherence to the Dietary Approaches to Stop Hypertension (DASH) diet were not significantly associated with incident hypertension (Table 3) , and thus did not mediate the risk of incident hypertension among black men. Less adherence to the Mediterranean diet was more prevalent among white men than black men, but was not significantly associated with the risk of incident hypertension. Prevalence of heavier alcohol use did not differ between white men and black men and was not associated with incident hypertension.
Mediating Factors Among Women
A larger number of factors mediated the higher risk for hypertension among black women compared with white women (Table 4 and Figure 2 ). Similar to men, the single largest mediating factor was the Southern dietary pattern; the ageadjusted mean dietary score was −0.57 (95% CI, −0.61 to −0.54) Black women had a higher mean BMI and larger waist circumferences than white women, and both waist circumference and BMI had a significant association with incident hypertension. Among black women, BMI was the second largest mediating factor for hypertension and accounted for 18.3% (95% CI, 11.9% to 24.6%) of the risk and larger waist circumference was the third largest mediating factor and accounted for 15.2% (95% CI, 9.8% to 20.6%) of the risk. Other factors mediating the excess risk of hypertension among black women included less adherence to the DASH diet (11.2%), income of $35 000 or less (9.3%), higher dietary ratio of sodium to potassium (6.8%), and education level of high school or less (4.1%).
The Perceived Stress Scale score did not attenuate the higher risk of hypertension among black women because of a lack of association with the risk of incident hypertension ( Figure 2 and Table 4 ). Less adherence with the Mediterranean diet was associated with risk of incident hypertension but did not differ between black and white women.
Exploratory, Sensitivity, and Post Hoc Analyses
Exploratory mediation analysis of 9 factors assessed only at follow-up suggested that low mobility may be a significant mediator in men and low-quality neighborhood score may be a significant mediator in both men and women (eTables 1 through 4 and the eFigure in Supplement 1). A sensitivity analysis using inverse probability weighting provided nearly identical results as the primary analysis, with a correlation coefficient of 0.99 for the primary analysis (additional information appears in Supplement 1).
The post hoc analyses assessing effect modification of the mediation by age suggested a stronger association between dietary measures and the increased risk of hypertension among black participants at younger ages, with only modest effect modification by age for the other factors (eTables 5, 6, and 7 in Supplement 1).
Discussion
A high intake of the Southern diet was the largest mediator of the difference between black and white participants in the incidence of hypertension for both men and women. The Southern diet, defined previously in the REGARDS study, 13 includes high intake of fried foods, organ meats, processed meats, egg and egg dishes, added fats, high-fat dairy foods, sugarsweetened beverages, and bread. In other research, this dietary pattern was associated with increased risk of incident a For dichotomous variables, the data have been scored 0 for "no" and 1 for "yes"; therefore, the mean is equivalent to the proportion.
b Adjusted for age, race, and baseline systolic blood pressure for the risk factor of incident hypertension. For example, data on education were available on 2430 white participants and 695 black participants. The age-adjusted estimate of the proportion with an education level Յhigh school was 20% for white participants (95% CI, 18% to 22%) and 38% for black participants (95% CI, 35% to 42%), which differed by 18% (95% CI, 15% to 22%). The odds of developing hypertension during follow-up was 1.22-times higher for those with an education level Յhigh school (relative to those with >high school education level); 38.7% (95% CI, 34.6% to 42.4%) of those with an education level Յhigh school developed hypertension vs 34.0% (95% CI, 32.0% to 35.9%) of those with >high school education level developed hypertension, which differed by 4.6% (95% CI, 0.1% to 8.8%).
c Expressed as the difference in a dichotomous predictor.
d Calculated as weight in kilograms divided by height in meters squared.
e Expressed for a 1-SD difference in a continuous predictor.
f Defined according to the National Institute on Alcohol Abuse and Alcoholism as Ն7 drinks per week in women or Ն14 drinks per week in men.
g Range from 0 to 12; higher scores represent more depressive symptoms.
h Range from 0 to 16; higher scores present more perceived stress.
i Original score subtracted from 38; range from 0 to 29; higher scores reflect being less compliant with the diet.
j Original score subtracted from 9; range from 0 to 9; higher scores reflect being less compliant with the diet.
k Range from −4.5 to 8.2; higher scores reflect being more compliant with the diet.
l Range from 0.3 to 2.5; higher scores represent a greater intake of sodium relative to potassium.
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Association 20 The Southern diet also has been shown to be a large mediating factor for the difference in stroke risk between black and white individuals. 13 Among both men and women, a high dietary ratio of sodium to potassium was a significant mediating factor. Among women, less adherence to the DASH diet was a significant mediating factor. The National Heart, Lung, and Blood Institute high blood pressure education program concluded randomized clinical trial evidence shows a delay or prevention of hypertension with dietary interventions including reduced sodium intake, maintenance of adequate intake of potassium, and consumption of a diet rich in fruits, vegetables, and low-fat dairy products, and a diet reduced in saturated and total fat.
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The American Heart Association also has issued a scientific A 0% mediation means none of the association between race and incident hypertension is attributable to the factor (eg, the entire association between race and incident hypertension is a direct effect), whereas 100% means that race is fully mediated by the factor (eg, the total association is an indirect association with the mediating factor). There was a negative mediation for some factors (eg, for waist circumference in men). This implies that adjustment for this factor resulted in an exacerbation of the risk difference for incident hypertension with adjustment for this factor.
a Calculated as weight in kilograms divided by height in meters squared. a For dichotomous variables, the data have been scored 0 for "no" and 1 for "yes"; therefore, the mean is equivalent to the proportion.
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Association of Clinical and Social Factors With Hypertension Risk in Black vs White US Adults statement with evidence that dietary interventions can prevent or delay the development of hypertension.
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An education level of high school or less was a statistically significant mediating factor of incident hypertension among both men and women. Low educational attainment is associated with poorer health outcomes, 23 shorter life expectancy, 24 and higher systolic blood pressure and incidence of hypertension. [25] [26] [27] [28] [29] [30] Low education level may be linked with hypertension through mechanisms including higher job-related and family-related stress and poorer diet. 31 A low-quality neighborhood score was the only other significant mediator of the difference between black and white participants in incident hypertension for both men and women. The findings herein identified more mediating factors of the racial difference in incident hypertension in women than men. This may be partially attributable to an observed stronger association of race with incident hypertension among women than men that would provide greater statistical power to detect mediating factors.
For both men and women, higher BMI and greater waist circumference were associated with incident hypertension. However, neither BMI nor waist circumference was higher for black men than white men, and thus neither of these factors mediated the risk of incident hypertension for men. In contrast, black women had higher BMI and greater waist circumference than white women, and both BMI and waist circumference provided statistically significant mediation.
Among men, a higher BMI was associated with incident hypertension but did not differ in the prevalence of hypertension between black and white men. Interventions to lower BMI would benefit both black and white adults; however, based on the findings of this study, lowering BMI would not be expected to reduce the racial disparity in hypertension.
For other mediating factors, there were significant differences in the prevalence of the exposure for black and white participants, but no association with incident hypertension. For women, the other mediating factors included stress. For men, the other mediating factors included depressive symptoms, stress, and low DASH diet score. Findings suggest that an intervention aimed at these factors may not reduce incident hypertension among either the black or white populations.
The greatest strengths of this research are that the large REGARDS cohort was well characterized at 2 time points separated by approximately 10 years, and that a systematic assessment of risk factors for hypertension was carried out. Although the representativeness of the study population generally has a smaller effect on the assessment of associations than the estimation of the population prevalence of conditions, the REGARDS cohort oversampled residents of the 8-state southeastern stroke belt region of the United States.
Limitations
This study had several limitations. First, approximately half of the REGARDS cohort did not have a follow-up visit, 16% had died, and 24% either withdrew from follow-up or declined the visit. Initially, competing cause models 32 had been considered to account for those who died; however, with the focus of this study on the etiologic effects, the use of these models would have been inappropriate. 33 Use of inverse probability weighting analysis 15 to account for differential attrition from the study was evaluated, and had little effect on the results. Second, as in all clinical research, measurement error and misclassification of the potential meditating factors occurs. Such misclassification would generally lead to underestimation of the effects of potential mediating factors, 34 so the reported estimates of the mediating effects could be underestimates.
Conclusions
In a mediation analysis comparing incident hypertension among black adults vs white adults in the United States, key factors statistically mediating the racial difference for both men and women included Southern diet score, dietary ratio of sodium to potassium, and education level. Among women, waist circumference and BMI also were key factors.
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